Background It is estimated that 17,000 people who inject drugs (PWID) in Greece have hepatitis C virus (HCV) viremia. The aim of our study was to explore the characteristics of the HCVinfected, direct acting antiviral (DAA)-naïve PWID.
Introduction
Hepatitis C virus (HCV) infection is an important public health problem worldwide, with rising morbidity and mortality rates [1, 2] . Globally, 8-10% of HCV patients are people who inject drugs (PWID), while drug use is the main mode of HCV acquisition in western populations and an increasing problem for HCV spread in many developing countries [3, 4] .
The advent of direct acting antivirals (DAAs) has dramatically changed the treatment scenario of HCV infection. In contrast to the pegylated interferon and ribavirin combination, the standard of care for more than two decades, DAA therapy is noticeably simpler, has significantly fewer side effects, and is much more efficacious, with sustained virological response (SVR) rates reaching 95-99% [5, 6] . This has generated substantial enthusiasm and optimism in both patients and people working in the field of viral hepatitis. Recently, the World Health Organization (WHO) released an ambitious goal targeting HCV elimination by 2030 [7] .
PWID represent a heterogeneous group consisting of once in a lifetime injectors, recent but not current users, and current users. The interferon era has shown that there are many barriers that prevent PWID form access to diagnosis and treatment. However, anti-HCV therapy under multidisciplinary care has yielded SVR rates similar to those in the non-PWID population, even in those PWID who are active users [8, 9] . In the DAA era, a prospective study and several post hoc analyses have shown that SVR rates among PWID are comparable to those in non-PWID populations, even in those who are active users or under substitution programs. More importantly, the reinfection rates are relatively low [10, 11] , while SVR seems to offer not just a virological and personal benefit, but also the prevention of new infections, proving the importance of the unique concept of "treatment as prevention".
In Greece, it is estimated that there were nearly 80,000 people with chronic HCV infection in 2015, while approximately 17,000 current/recent PWID have HCV viremia [12, 13] . A mathematical model has shown that, if these patients do not get access to treatment, a substantial increase in the burden of chronic HCV infection will occur in the next 15-20 years [12] .
However, as the country was affected by economic crisis, the government has restricted the access to DAA according to the fibrosis stage in order to control the budget impact of such therapies. On the other hand, the Greek government recognized the importance of HCV infection for public health and joined the WHO declaration for HCV elimination. Hence, a detailed Hellenic national HCV elimination plan was prepared and released in July 2017. In addition, after comprehensive negotiations between pharmaceutical companies and the Greek National Drug Negotiation Committee, an agreement was reached for lower DAA prices, which resulted in the expansion of the criteria for access to DAA. Thus, since July 2017, patients with moderate to severe liver fibrosis (liver stiffness ≥7 kPa) and all patients (regardless of fibrosis severity) with comorbidities such as chronic renal impairment, HIV coinfection, hemoglobinopathies or hemophilia, organ transplantation or extrahepatic manifestations, can receive DAA therapy.
Since PWID are not currently excluded from the criteria of fibrosis severity for access to DAAs in Greece, a critical question is whether this decision could affect the main target of the national elimination plan, which depends on the proportion of PWID who will remain untreated by such prioritization and will continue to spread the virus. The aim of our study was therefore to explore the epidemiological, virological and clinical characteristics of a large Greek cohort of DAA-naïve PWID with chronic HCV infection, in an attempt to glean further information that may assist the efforts towards HCV elimination in Greece.
Patients and methods
This is a descriptive analysis of retrospectively collected data from a cohort of PWID with HCV infection. Six outpatient tertiary liver clinics participated in the study (4 in Athens, 1 in Thessaloniki, and 1 In Patras). For the purposes of this analysis, a PWID was defined as an individual who has a history of past or recent use of injected illicit drugs. We included all consecutive PWID patients who visited the liver clinics during the period from 1 st May 2014 until 31 st May 2017. Patients who had any experience of DAA treatment during or before this period were excluded. The patients came to the clinics on their own initiative, or via collaboration with addiction programs. We collected patients' demographic and social characteristics, drug use and injection risk behavior, history of HCV diagnostic testing and drug treatment, and selected data regarding serum HCV RNA, HCV genotype, anti-HIV, HBsAg, anti-HBs, anti-HBc. Patients who were active drug users and/or followed opiate substitution programs were considered as a high-risk behavior group. Regarding the drug injection frequency, we considered as systematic users those HCV patients who reported regular drug use, from at least once per week to once per month, and as sporadic users those who reported at least one episode of drug use during the cessation period. Liver stiffness values from transient elastography (TE, FibroScan) were used for fibrosis estimation and staging (Metavir score: F0-F1 no/ mild fibrosis, F2 moderate fibrosis, F3 severe fibrosis, F4 cirrhosis) [14] . The success rate was calculated as the ratio of the number of successful measurements over the total number of acquisitions. The values were expressed in kilopascals (kPa) as the median value of the successful measurements. At least 10 successful measurements, a success rate higher than 60% and an interquartile ratio less than 30% were considered reliable and were used in the analysis. All measurements were performed by experienced operators blinded to the patients' clinical information. Liver function tests were used to help diagnose and monitor liver disease or damage, and the Child-Pugh classification was used to grade patients with decompensated cirrhosis [15] . The study was approved by the Ethics Committees of the participating centers and conformed to the principles of the Helsinki Declaration.
Results

Epidemiological and clinical characteristics
We enrolled 800 PWID with ΗCV viremia who visited the outpatient clinics-529 (66%) from Athens, 141 from Thessaloniki and 130 from Patras-and had available clinical, virological and/or imaging data; the mean age was 42±10 years, while most of them (78.5%) were male. One third (35%) of the PWID had received pegylated interferon and ribavirin treatment without achieving SVR. According to the social history, 70% of the PWID were active smokers, 27% were alcohol users, 67% were unemployed, 35% had education >12 years, and 26% were married. Two hundred forty-one patients (30%) had comorbidities (diabetes mellitus, hypertension, psychological disorders). HIV antibody was found in 1.4% and HBsAg in 2.9% of our cases. Most of the patients 537/800 (67%) underwent TE measurement with a reliable stiffness value. Notably, a minority of patients from Patras had TE data (7/130). The mean liver stiffness was 9±7 kPa (range: 2.8-44 kPa). One hundred sixtyeight (21%) patients had clinical, laboratory, imaging or elastographic evidence of cirrhosis, while two of them also had hepatocellular cancer. Fifty-six (7%) patients had current or recent evidence of decompensated liver disease (ChildPugh score >8). Half of the patients (51%) were in the F0-F1 stage of liver disease (mild fibrosis), defined as stiffness <7 kPa (Table 1) .
Risk behavior, substitution therapy and disease stage
Five hundred twenty patients (65%) were attending specific addiction programs: 57% were under opiate substitution therapy (OST) with methadone and 36% with buprenorphine; the rest of them were attending non-OST programs. Overall, 37% of our patients reported sporadic (25%) or systematic drug use (12%) ( Table 2) . Among the PWID, considered as a high-risk behavior group, 42% had mild liver fibrosis disease (F0-F1) ( Table 2) .
Three hundred twenty-eight patients diagnosed with HCV before 2005 (group 1) presented significantly more advanced liver fibrosis as assessed by elastography, compared to those diagnosed after 2005 (group 2) (mean TE stiffness: 11±8.5 vs. 8±6 kPa, P=0.002). In addition, 35% of the patients in group 1 had evidence of cirrhosis, compared with 11% of the patients diagnosed during the last 12 years. More patients in group 1 were treatment-experienced (41% vs. 29%, P=0.001). Regarding the history of parallel drug use, 30% of patients in group 1 reported sporadic or systematic drug use, compared to 43% of those with a recent diagnosis (P=0.015), No difference in genotype distribution, alcohol consumption or coinfection rates was observed between the 2 groups (Table 3) .
Virological characteristics
The genotype distribution was 20.5%, 4.6%, 3.3%, 61% and 10% for genotypes 1a, 1b, 2, 3 and 4, respectively, without any significant differences among the participating centers. Mean serum HCV RNA levels were 5.3×10 6 ± 3.3×10 7 IU/mL and 59% of the patients with genotype 1a had HCV RNA levels >800,000 IU/mL (Fig. 1) .
Discussion
In our study we analyzed real-world data from a sizeable cohort of PWID with HCV infection from 6 referral Greek centers. Our data clearly demonstrated that more than half of our PWID with HCV infection had early-stage liver disease (F0-F1 fibrosis) and therefore do not yet qualify for DAAs therapy, according to the national insurance organization criteria for prioritization.
In Greece, as in other western countries, drug usersespecially those with a history of injecting and/or needle sharing-represent the main high-risk group for HCV Figure 1 Genotypic distribution of the hepatitis C virus-infected, direct acting antiviral-naïve people who inject drugs (n=800) reduction of liver cancer and increased overall survival [20] . Notably, PWIDs who achieve SVR may also have a better quality of life, with an improvement in overall drug use health [21] . According to our data, PWID diagnosed with HCV after 2005 presented with significantly less advanced liver disease compared to those diagnosed before 2005. Given that there was no difference in HCV genotype distribution before and after 2005 [16, 22] , the above observation may be explained by the fact that patients in the first group are younger and have a shorter duration of chronic HCV infection. Furthermore, almost half of the patients with high-risk behavior, meaning patients with parallel drug use and patients under opiate (methadone/buprenorphine) substitution programs, had mild liver disease. As active drug use is the main route of HCV transmission in our country, the above finding strongly suggests that the expansion of national insurance organization criteria to include all patients with HCV is of paramount importance for the elimination of HCV infection in Greece.
Of the patients receiving OST therapy, 37% reported active use, while in addition a significant proportion of PWID have never contacted medical or healthcare services. The national plan for HCV elimination should include specific interventions, such as testing, education and linkage, to care for all PWID in order to increase the antiviral treatment uptake; the simplified and efficient DAA treatment should be associated with onsite testing and diagnosis in order to facilitate the HCV care cascade.
We found that one third of the patients had comorbidities, two thirds had a low educational level and 67% were unemployed. The considerable social and economic disadvantages in association with the stigmatization make the access to health care services for PWID problematic. Given that 10,000 PWID follow OST or dry programs (report of the EKTEPN), the development of community clinics or specific outpatient clinics with a multidisciplinary approach in big cities and mobile one-stop clinics in rural areas may help to overcome the stigma and discrimination and eliminate HCV among PWID within a short period.
Interesting findings of this study are the differences in the proportion of PWIDs who attend substitution programs and [12] . Despite small longitudinal changes, the anti-HCV prevalence has remained stable at the national level over the last 6 years, after a rise that started in 2010, at the same time as the HIV epidemic onset among drug users in the Athens metropolitan area [17, 18] . Given that a large proportion of the HCV burden and almost all new HCV cases involve PWID, one might argue that PWID should receive priority for HCV treatment with DAA. Simple mathematical models suggest that high numbers of SVR among cases with a high risk of HCV transmission should be the cornerstone of HCV elimination.
Moreover, mathematical models predict that elimination is possible in Greece if we increase the number of PWID treated annually [19] . Additional benefits of offering access to DAA therapy in PWID include an improvement in histology, a in the proportion of cases who had undergone elastography among the different centers or cities. For example, in Patras, although there is a well-organized PWID substitution unit, there is no FibroScan available, so patients have to travel in order to have elastography measurements. Thus, consistently with the literature [23] , our data revealed that in some settings there is significant lack of coverage of services or barriers when patients try to access services, mainly for geographical reasons. Another important finding of our study is that 1 of 5 PWID had cirrhosis and one third consumed alcohol. Successful DAA therapy in patients with advanced liver disease is associated with clinical improvement and a decreased risk of progression to decompensation [24, 25] . Thus, in a country like Greece with a shortage of liver donors, immediate initiation of DDA therapy is of significant importance for these severely ill patients. In addition, clinicians and addiction experts should be aware of the disease stage in order to give the appropriate management guidance for long-term follow up.
Our study has several limitations. The retrospective design did not allow us to obtain more data regarding specific characteristics that may affect future actions for HCV elimination, such as compliance with visits or high-risk behavior. In addition, the majority of the patients visiting our clinics were selected by expert physicians in addiction programs, so they may represent PWID who are more stable. However, the large number of patients included in the analysis from 6 centers throughout the country minimizes the selection bias and offers a clear view of the characteristics of PWID in Greece.
In conclusion, our study analyzed the current characteristics of a large representative Greek cohort of PWID with HCV infection. The main finding of our study is that half of this population had mild disease based on elastography: they are therefore not yet eligible for DAA therapy, according to the present national prioritizing criteria for treatment. In addition we have shown that comorbidities, and social and economic disadvantages are very common among PWID patients, while they represent the main source for all new cases. In order to accomplish the ambitious plan for HCV elimination, more efforts are needed in order to increase the number of PWID who will start DDA therapy. Immediate expansion of the treatment initiation criteria among high-risk behavior PWID could be the first step in the battle against HCV in Greece.
Summary Box
What is already known:
• Hepatitis C virus (HCV) infection is very common in people who inject drugs (PWID) • Drug use is the main mode of HCV acquisition in western populations • The advent of direct acting antivirals (DAAs) has dramatically changed the treatment scenario of HCV infection • The Greek government has recognized the importance of HCV infection for public health and joined the WHO declaration for HCV elimination
What the new findings are:
• Half of the PWID with HCV infection had earlystage liver disease, while one fifth of them had evidence of cirrhosis • One third of the patients had comorbidities, while two thirds had a low educational level and were unemployed • Genotype 3 is the dominant genotype in Greek PWID • The majority of the patients belonged to a highrisk behavior group and almost half of them had mild liver disease, thus remaining without access to DAA therapy according to the current Greek prioritization criteria
